with 54% aborting spontaneously and 22% being stillborn.
Most investigations into the prevalence and causes of central nervous system malformations have considered only livebirths and registered stillbirths. It has long been suspected that affected conceptuses are aborted disproportionately often, though we do not yet know what proportion is lost in this way. Moreover, it is not known how the aborted conceptuses compare with those that survive until birth from a pathological or aetiological point of view. Singh and Carr (1967) examined 168 spontaneously aborted embryos and fetuses and found two with a meningocele and one with an encephalocele (18 per thousand). They also found one abortus with an enlarged, eccentric spinal cord. Nishimura (1970) , in Japan, found 49 CNS defects in 3715 induced abortions (13 per thousand), including 21 cases of exencephalus or myeloschisis (5.7 per thousand).
Data on these issues may be useful for several reasons. First, as prenatal diagnosis of high-risk pregnancies is now becoming increasingly common, knowledge of the prognostic significance of such a diagnosis will increase the accuracy of genetic Received 21 January 1975. 9 counselling. Second, all the important epidemiological studies in this field have been carried out on a selected group of affected infants, namely those reaching a potentially viable stage of development (for review, see Leck, 1974) , and it is possible that associations have been missed. Third, these issues bear indirectly on the suggestion that much of the geographical, and possibly other, variation in birth prevalence may reflect variation between mothers, or even between pregnancies, in their tendency to abort affected conceptuses (Roberts and Lloyd, 1973) . Methods
With the co-operation of the medical and nursing staffs of gynaecological units in and around London, women who had a spontaneous abortion between September 1971 and April 1974 were interviewed regardless of the presumptive cause. In almost all cases the products of conception were collected for investigation, though often only curettings of these were available. When the conceptus was more than 30 mm in length (ie. a fetus), a macroscopical examination and dissection were carried out. Smaller specimens were studied under a binocular low-power microscope and kept in fixative for more detailed study later. Unless the specimen was extremely macerated, pieces of amnion, gonad, or other fetal tissue were taken for culture from explants, and chromosome preparations were made. According to the date of their last menstrual period, a few specimens were technically beyond the gestational age limit for abortions (27 weeks), but were included because they were extremely small for their dates.
Results

Prevalence
The 2620 pregnancies (2582 singleton and 38 twin) which were studied included 995 complete, organized fetuses in which any gross malformation present could have been detected. 36 (3.6%) were found to have a lesion of the CNS (Table I) . However, a further 221 specimens were intact empty sacs or severely disorganized embryos, making a total of 1216 specimens which could be examined. The crude prevalence of these CNS defects is therefore estimated as 36/1216, or 3%, among testable abortuses in the London area in the early 1970's. 
Chromosomes
The chromosome constitution was determined for 25 of the 36 affected abortuses, and 10 (40%) were found to have a chromosome abnormality (Table  IV) . The corresponding figure for 544 karyotyped embryos and fetuses without a CNS lesion was 13%. Spina bifida However, as the proportion of abortuses that have chromosomal aberrations is known to decrease sharply with increasing gestational age (Alberman and Creasy, 1975; Boue and Boue, 1969) a crude comparison, without allowance for the differing gestational age structure of the two sub-groups, would not be justified.
Of the 12 (of 35) CNS-defect specimens that exceeded 30 mm in crown-rump length, only one was shown to be chromosomally abnormal-a hydrocephalic triploid (69,XXX). Of the 12, 4 could not be examined chromosomally-spina bifida (2), exencephalus (1), anencephalus (1). The remaining 7 were chromosomally normal-encephalocele (3), exencephalus (2), anencephalus (1), and craniorachischisis (1). The chromosome abnormality rate is thus 1 in 8 among the large affected specimens, not significantly different from the rate of 4%0 (17 out of 454) among specimens of the same length without a CNS defect.
Chromosome anomalies were much more common in specimens that were not more than 30 mm long, whether maldeveloped or not (Table V) . 53 0 of all those that could be examined were chromosomally abnormal, irrespective of whether they possessed a CNS defect or not. The affected subgroup included cases of sex chromosome monosomy, autosomal trisomy, triploidy and, in one specimen, an XXY sex chromosome complement with an additional F-like autosome (48,XXY, + F). Autosomal trisomy accounted for 39 % of the aberrations in the morphologically normal embryos, but only 2 out of 9 (22%) in those with a CNS defect. The former group included trisomies of the C, D, E, and G group autosomes, the latter two being the most common. Both the trisomic embryos with a CNS defect had an extra member of the D group, and also cleft palate.
Sex
Of the fetuses which were past the embryonic stage of development (taken as those greater than 30 mm long) 5 were female, 5 were male, and 2 were of uncertain sex (Table VI) . Those French and Bierman (1962) . ASB data for live and stillbirths from Carter and Evans (1973) and for spontaneous abortions from present study.
abortuses, as defined above, with a known gestational age between 8 and 27 weeks, inclusive, and a series of live-and stillbirths in Greater London reported by Carter and Evans (1973) . Column three shows the number of these with a CNS defect. Only those abortuses with an ASB-type malformation (anencephalus, craniorachischisis, exencephalus, encephalocele, or spina bifida cystica), but no demonstrated chromosome anomaly, have been included, as only these were felt to be comparable with the classification of malformations used for births.
The proportion of affected conceptuses that is lost during each 4-week period of gestation was estimated, in each case, from the proportion with a malformation in the present study among the pregnancies at risk, as given by the life-table.
The calculations show that the prevalence of these malformations remains fairly constant among earlier fetal deaths, decreases towards the end of the previable period, and then increases to a maximum in late abortions and stillbirths. The overall rate among spontaneous abortions is estimated to be about 20 per thousand. This is one-fifth of that among stillbirths (105 per thousand), but is more than 13 times the rate among livebirths in the same area (1.5 per thousand) (Carter and Evans, 1973 Table VIII. infants are recorded as stillborn, though the true proportion must be lower, as many liveborn, malformed infants which live only a few minutes or hours are registered as stillbirths for humanitarian reasons. Discussion The results of this study show that the most common group of malformations in abortuses is a type apparently related to anencephalus and spina bifida. These latter form the most common category of malformation found at birth, in the U.K.
The gestationally older fetal deaths (those occurring from about the 20th week onwards) exhibit very similar lesions to those seen in births, while encephaloceles predominate among those expelled earlier in pregnancy. The small embryos will require microscopical examination of sections for accurate diagnosis of their anomalies, but this is (Spellman, 1966) . A mother with a mixoploid C chromosome trisomy (Stolte, Evers, and Bankenborg, 1964 ) and a father with a balanced translocation involving two D group chromosomes (de Grouchy et al, 1964) have also been reported. In the infants themselves, Machin and Crolla (1974) found one anencephalic with a balanced translocation among 50 karyotyped perinatal deaths with ASB or hydrocephalus. An unbalanced translocation producing partial 2 trisomy (Lee et al, 1964) and an anencephalic male with XX sex chromosomes (Arias-Bernal and Jones, 1967) have been described. Trisomy D, trisomy 18, and triploidy are often associated with various CNS defects (Warkany, 1971; Niebuhr et al, 1972; Batts et al, 1972) but not usually those of the ASB type.
Of the larger affected abortuses in the present series, only 9 were karyotyped and 1 was found to be chromosomally abnormal, but this specimen did not have an ASB malformation. Thus, in this respect also, the older abortuses may resemble the perinatal deaths. By contrast, 53% of the smaller affected abortuses (embryos 30 mm or less in length) had a chromosome aberration. However, these aberrations are found in this proportion of all abortuses of this size, so that it is difficult to decide whether the malformation was independent of, or secondary to, the chromosomal condition. The fact that D trisomy was the only trisomy found is interesting, because of the association between this condition and some CNS defects, as mentioned above. It seems possible that some chromosome conditions (possibly those involving D group chromosomes) may produce minor CNS lesions which do not develop into ASB malformations, while in other instances defects which do not produce such malformations coincide, by chance, with chromosome anomalies. Because both conditions have very high mortalities in early pregnancy, few survive until the perinatal period. If some embryos with abnormal chromosomes do have a true ASB type lesion, which is not a result of their karyotype, the prenatal mortality is higher than the estimate given.
It is evident that a family of malformations of the central nervous system, which includes anencephalus and spina bifida, is relatively common during the early stages of pregnancy, and that within this group, encephaloceles and exencephalus predominate. The former are often associated with chromosomal abnormalities, to which they might be secondary, though they are found in conditions such as sex chromosome monosomy, with which they are not usually associated at full term, and karyotypically normal conceptuses. Exencephalus, however, does not appear to have any links with chromosomal conditions. These two anomalies have the greatest prenatal loss, so that in the later stages of pregnancy anencephalus and spina bifida are the most numerous anomalies within the group (Table  IX) . The genetic and environmental factors producing these defects must be very complex and the group of malformations, and probably the subgroups within it, are probably heterogeneous in relation to them. It is possible that more can be learned of these aetiological factors by studying the malformation early in gestation, closer to the time of their appearance. Certainly it would be interesting to compare the loss through abortion in London with that from an area, such as South Wales or Ireland, where the prevalence at birth is higher. 
